Objective To assess whether racial differences in rates of change in body mass index (BMI) and blood pressure (BP) percentiles emerge during distinct periods of childhood.
O besity and hypertension in adults are well-known risk factors for cardiovascular disease. 1 Black and Hispanic adults are disproportionately affected by obesity and blacks have a higher prevalence of hypertension than any other ethnic group in the US. Adult obesity and hypertension are rooted in childhood, and racial/ethnic differences are also evident in childhood. [1] [2] [3] [4] [5] [6] The overall prevalence of obesity is higher in Hispanic (22%) and black (20%) compared with white (15%) youth. 2 By adolescence, a greater proportion of black and Mexican American children already have a nonideal weight and more black children have a nonideal blood pressure (BP) compared with whites. 7, 8 Previous studies have suggested that unfavorable body mass index (BMI) and BP track from childhood into young adulthood and that higher risk groups can be identified early in life. [9] [10] [11] [12] [13] [14] However, racial differences in the childhood trajectories of BMI and BP percentiles are not well-characterized. Tracking percentiles may offer additional information about a population as a whole, rather than only those exceeding categorical thresholds for abnormal weight and BP. We sought to investigate the usefulness of this approach in characterizing whether there is a critical period when racial/ethnic differences emerge, which remains unclear. Therefore, we studied a contemporary urban cohort of black, Hispanic, and white children to test the hypothesis that racial differences in the rates of change of BMI and BP percentiles emerge during distinct periods of childhood.
Methods
This retrospective cohort study included children who received regular outpatient care between January 1996 and April 2016 at the pediatric practices affiliated with the Northwestern Memorial Healthcare System based in Chicago, Illinois. Data were obtained from the Northwestern Medicine Enterprise Data Warehouse, which is an integrated database of electronic health record data for all patients seen throughout the health system. The study was deemed exempt from review by the Northwestern University Institutional Review Board because only deidentified data were used.
Because the upper age for standardized BMI (20 years) and BP (17 years) percentiles differ, we derived separate cohorts for the BMI and BP percentile analyses. For the BMI cohort, we included children aged 5-20 years who had >3 visits ≥1 year apart along with valid BMI measurements at ≥3 visits, including the index visit (n = 8977), which we define as the initial visit of record. We excluded individuals with a history of congenital cardiovascular disease, cardiac surgery, renal disease, organ transplantation, cirrhosis, diseases affecting the adrenal gland or pituitary gland, any congenital disorders affecting the endocrine system, or diseases affecting the autonomic nervous system (n = 166). Individuals missing race/ethnicity data at the index visit were also excluded (n = 3108). The final BMI cohort consisted of 5703 individuals (Figure 1 ; available at www.jpeds.com). The derivation of the BP cohort which included children 5-17 years and had similar exclusion criteria is described separately (Figure 2 ; available at www.jpeds.com).
Age-and sex-specific childhood BMI percentiles and z-scores were calculated according to the Centers for Disease Control and Prevention BMI growth charts for children ages 2-20 years. 15 Weight categories were defined as underweight (<5th percentile), normal (5th-<85th), overweight (85th-< 95th), and obese (≥95th percentile).
Age-, sex-, and height-specific systolic BP (SBP) and diastolic BP percentiles and z-scores were calculated according to the American Academy of Pediatrics 2017 guidelines' methodology. 16, 17 Elevated BP and hypertension categories were defined according to guidelines (Table I ; available at www.jpeds.com). For individuals with multiple BMI or BP measurements available within a given year, the mean of the values were used to calculate the percentiles.
Statistical Analyses
We categorized the cohort by sex and race/ethnicity as follows: non-Hispanic blacks, non-Hispanic whites, and Hispanics. Index visit characteristics were compared using the c 2 test for categorical, analysis of variance for continuous, and KruskalWallis test for nonparametric variables. Linear mixed models were used to quantify BMI and BP percentiles over time and regression models were fitted including a random intercept and random slopes to account for the correlation among repeated observations from each participant. Time, the exposure variable, was defined as a continuous variable as a function of years after index age. Although we did not expect changes in BMI and BP percentiles from childhood to adolescence to be strictly linear, we deemed it reasonable to assume that changes are approximately linear over short intervals of time. We calculated the magnitude of change in BMI and BP percentiles by dividing the time from childhood to adolescence into 3 time periods-5-9, 9-<12, and >12 years-to proxy the effect of different developmental periods and for fitting a linear model in each segment. A linear spline approach with 2 knots at 9 and 12 years of age was used among the fixed effect of years after index age, which allowed for a linear slope with increased or decreased mean trend in each of the 3 segments individually. Interaction terms with race were added to assess whether the magnitude of these changes in BMI and BP percentiles over time differed between ethnic groups in each segment. Separate parameters were fit to estimate slopes for each segment separately by race, with comparisons made using whites as the referent group.
Multivariable models adjusted for covariates determined a priori. Model 1 adjusted for index age. Model 2 additionally adjusted for health insurance (commercial insurance as the referent). Model 3 included model 2 variables and additionally adjusted for BP when BMI percentile was the outcome of interest or BMI percentile in models where BP percentile was the outcome. For models with BMI percentile as the outcome, to adjust for BP continuously without losing any observations (given the upper age for SBP percentiles of age 17 but the BMI cohort including ages 5-20), we converted both SBP percentile (for those with an index age of ≤17 years) and SBP (for an index age of ≥18 years) into z-scores and adjusted model 3 for the SBP z-score. Statistical interactions between race/ ethnicity and covariates over time were also investigated. Modelestimated means were then produced over a 5-year followup period, including model-estimated changes between each of the 3 segments to visualize the observed changes in slopes. Plots based on predicted means were generated for male and female children to display the tracking of BMI percentiles over time. Similar models were fitted for change in SBP. In additional analyses, we limited both BMI and BP models to individuals having BMI and BP data (respectively) across ≥2 age periods to account for potential differences in participants with longer follow-up. We present these data graphically. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, North Carolina). P < .05 was considered statistically significant. We do not present the model 2 results because they generally were similar to fully adjusted models.
Results
The baseline demographics of the primary BMI study cohort at the index visit stratified by sex and race/ethnicity are presented in Table II . Overall, 3274 participants (57.4%) were female. Among females, 67.4% were white, 23.0% were black, and 9.6% were Hispanic. Among males, 62.0% were white, 27.2% were black, and 10.8% were Hispanic. The mean age at the index visit was 10.7 ± 5.2 years for females and 8.5 ± 4.3 years for males. Within each sex, the mean age did not differ significantly by race. Fewer black and Hispanic females had commercial health insurance coverage compared with white females (69.1% and 74.8% vs 82.8%, respectively; P < .001 for both) as did fewer black and Hispanic compared with white males (76.0% and 82.1% vs 88.7%, respectively; P < .001 for both). The mean follow-up time after the index visit was 4.6 ± 2.6 years for females and 5.2 ± 2.7 years for males. The mean number of BMI measurements was 5 ± 2 for both females and males. Baseline demographics of those excluded from the cohort owing to missing race data or being of racial groups with smaller numbers had some differences in age and BMI category distribution (Table III; available at www.jpeds.com).
At the index visit, 20.4% of females and 27.5% of males were obese (Table II) . Compared with whites, more black and Hispanic females were obese (23.0% vs 18.9% and 24.9% vs 18.9% respectively; P < .01 for both). Among males, there were no Volume 202 • November 2018 differences in the proportions of obesity by race, but all groups had an obesity prevalence of >27%.
At the index visit, 16.7% of females and 20.7% of males had a BP value in the hypertensive range (Table II) . Over the followup period, 6.7% of females and 10.3% of males met criteria for the diagnosis of hypertension. There was a significantly greater proportion of black females with hypertension compared with white females (10.0% vs 5.7%; P < .001).
The estimated changes in BMI percentile per year (trajectory slope) among female children stratified by race are presented in Table IV . For all female racial/ethnic groups, BMI percentiles at the index visit for 5-year-olds were generally similar. There was a significant yearly increase in mean BMI percentile during the 5-to 9-year age period among Hispanic females of 2.71% per year (95% CI, 0.35-5.06; P = .024) in fully adjusted models. In age-adjusted models, the BMI percentile per year for Hispanics increased at a greater rate relative to whites from ages 5 to 9 years (+2.42% relative to whites; 95% CI, 0.05-4.79; P = .045), but this association was attenuated in fully adjusted models (+2.33%; 95% CI, −0.04 to 4.70; P = .054). However, in models restricted to participants with follow-up through ≥2 age periods, the association persisted in fully adjusted models (Table V [available at www.jpeds.com]; +2.94%; 95% CI, 0.24-5.64; P = .033). The adjusted difference between the change in BMI percentile per year for blacks relative to whites during the 9-to 12-year age period did not reach statistical significance in fully adjusted models (Table IV; +1.70; 95% CI, −0.09 to 3.49; P = .062) or models restricted to participants with follow-up through ≥2 age periods ( Table V; +1.92; 95% CI, 0.00-3.85; P = .051). The mean BMI percentiles for each age and predicted BMI percentiles for female children over time stratified by race are presented in Figure 3 . For females, the mean BMI percentile in Hispanic children diverged from white children in the 5-9 age period, and for both Hispanic and black females, mean BMI percentiles were generally higher compared with white females after age 12.
For male children, the mean index BMI percentile at age 5 was lower in Hispanic compared with white males (Table IV) . There were statistically significant yearly increases in BMI percentile during the 5-to 9-year age period of 2.77% per year in blacks (95% CI, 1.21-4.33; P < .001) and 3.05% per year in Hispanics (95% CI, 0.78-5.32; P = .009) in models fully adjusted for age, BP, and insurance status. For both blacks and Hispanics, the change in BMI percentile per year during this age period increased at a significantly greater rate relative to whites (black vs white, +2.35% [95% CI, 0.76-3.94; P = .004]; Hispanic vs white, +2.63% [95% CI, 0.31-4.95; P = .026], respectively). There was a yearly decrease in mean BMI percentile for black and white males during the 9-to 12-year age periods but no differences in the change in BMI percentile per year in black and Hispanic relative to white males during this period or after age 12 ( Figure 3 and Table IV ). Findings of mean BMI percentile for Hispanic and black males in the 5-to 9-year age period diverging from white males were similar in mixed model analyses limited to participants with follow-up through ≥2 age periods (Table VI ; available at www.jpeds.com). For the 5-to 17-year-old cohort used for the BP percentile analyses, there were 3705 patients, of whom 1883 (50.8%) were female. The mean age at the index visit was 7.6 ± 3.2 years for females and 7.2 ± 2.9 years for males. In general, compared with the BMI cohort, there were a greater proportion of individuals in the 5-to 9-year age group and index obesity and hypertensive rates were lower-otherwise findings were generally similar (Table VII; available at www.jpeds.com). Baseline demographics of those excluded from the cohort owing to missing race data or racial groups with smaller numbers were overall comparable (Table III) .
For all female race/ethnic groups, mean SBP percentiles at the index visit for 5-year-olds were generally similar. There were no differences in the yearly change in mean SBP percentile for black and Hispanic children relative to white children in fully adjusted models (Table VIII and Figure 4 [available at www.jpeds.com]) or in models limited to participants with follow-up through ≥2 age periods (Table IX; available at www.jpeds.com).
For all males, the mean SBP percentiles at the index visit for 5-year-olds were generally similar. The statistically significant difference in the change in mean SBP percentile per year for black relative to white children during the 9-to 12-year age period in adjusted mixed models (Table VIII) was not present in models limited to participants with follow-up through ≥2 age periods ( Table X [ 
Discussion
In this study of patterns in childhood BMI and BP percentiles by race/ethnicity, we found that, despite similar baseline BMI percentiles, the BMI percentiles of black and Hispanic children followed trajectories distinct from those of white children. In Hispanic females, the mean BMI percentiles diverged from white females from ages 5 to 9 years, leading to higher mean BMI percentiles later in childhood. In the case of black and Hispanic males, the BMI percentiles also diverged significantly from those of white children from age 5 to 9 years of age, leading to higher mean BMI percentiles later in childhood. It is notable that in the analyses limited to participants with values across ≥2 age periods that the differences in BMI percentiles in black and Hispanic compared with white children appeared more prominent after age 12. In addition, the mean BMI percentile trajectories no longer seemed to trend back toward the 50th percentile. This difference in pattern might reflect that, although nearly all children are more apt to receive consistent care early in childhood, fewer may return as consistently as they get older. In particular, the less healthy Figure 3 . Predicted BMI percentile before and after predefined age periods in female and male children. A, All females. B, Limited to females with BMI measurements across ≥2 age periods. Regression of BMI percentiles toward the 50th percentile after age 12 was no longer seen and racial differences were more apparent. C, All males. D, Limited to males with BMI measurements across ≥2 age periods. Predicted BMI percentiles regressed less toward the 50th percentile after age 12 and racial differences in BMI percentile were more apparent. children may be less likely to return routinely during adolescence. In any case, the differences in rates of change of black and Hispanic BMI percentiles early in childhood compared with whites were evident. In nationally representative samples, the prevalence of obesity is higher in Hispanic and black compared with white youth. 2 Although these data also suggest the prevalence of obesity in youth may have plateaued in recent years, disparities persist. 2, 5 In a recent study of a large, nationally representative cohort followed from kindergarten to 8th grade, black and Hispanic children had a higher cumulative incidence of obesity compared with whites and, although the prevalence of obesity increased with age in all groups, the incidence was greatest at the youngest ages and then declined thereafter. 18 A study of a primarily underserved and Hispanic cohort examined BMI z-score trajectories for children ages 3 to 12 years and suggested racial differences relative to whites were present by age 6 years. 19 Our study adds to the current literature by uniquely examining racial differences in the rates of change of population-level BMI percentiles during certain periods of childhood. In comparison with categorical obesity prevalence, mean percentile trajectories offer additional information about the whole population, rather than only those above a threshold. This finding is relevant because higher adolescent BMI percentiles even within the normal range may be associated with increased cardiovascular and overall mortality in adulthood. 20 Our findings further support the concept that racial/ethnic disparities in BMI emerge early in childhood. Further study is necessary to examine if unfavorable trajectories in BMI percentiles are present for Hispanics and blacks relative to whites before 5 years of age.
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We did not identify racial differences in BP percentile patterns in this study. Nevertheless, we noted a significant prevalence of elevated BP under new guidelines among all races with higher prevalence in black compared with white female children. It is notable that the proportion of individuals with an elevated BP at the index visit was higher than the proportion who met criteria for a hypertension diagnosis based on ≥3 abnormal values. This finding is consistent with previous data and illustrates the importance of this consideration when interpreting hypertension prevalence based only on single BP measurements. 8 BP measurement in children can be neither accurate nor precise, with data suggesting that substantial misclassification can result from reliance on single values. 21 That we did not identify clear differences in BP percentile patterns may not be surprising given these issues. Further study is necessary to determine whether tracking SBP percentiles could help identify critical periods when racial differences emerge.
Our study findings have implications for efforts to better define when racial differences may emerge in childhood. Tracking percentiles may have usefulness in detecting the early emergence of such differences on a population level beyond the use of threshold values. There is substantial evidence that children with abnormal weight and BP are at an increased risk of having these and other cardiovascular risk factors as adults. 1, [9] [10] [11] [12] [13] [14] 18, 22 In addition, the long-term cumulative burden of excess weight and elevated BP starting in childhood seem to be predictive of the presence of subclinical markers of cardiovascular disease in young adulthood, which in turn are known to be associated with a higher risk of future cardiovascular events. [23] [24] [25] [26] Early emergence of racial differences during childhood could increase the cumulative burden of risk factors in certain groups and drive future disparities in prevalence and cardiovascular outcomes. Further study is necessary to elucidate how racial differences in percentile trajectories relate to expected changes in these measures and in turn how abnormal trajectories relate to future risk.
The strengths of our study include a large, contemporary, and diverse pediatric cohort and the use of a novel statistical approach to examine racial differences in BMI and BP during childhood. However, our study has limitations. This retrospective study used electronic heath record data, so our findings are subject to sampling bias and confounding by factors we may not have accounted for. Another inherent limitation to electronic health record data is missing data. We had to exclude patients with missing race and vital signs data; these excluded patients differed in some ways from our sample cohorts. Data on puberty were not available and thus, we could not directly account for this period in our study. BP measurements performed in the clinic setting were analyzed retrospectively, so variation introduced by nonuniform protocols and any secular trends in BP measurement is a possibility, which in turn could have masked any differences and biased our results toward the null. Additionally, there were fewer Hispanic children in our cohort, which may have limited detection of small differences. Finally, this was a single-center study, so our findings may not be generalizable to the entire US pediatric population. Mean BMI and BP percentiles were generally near the 50th percentile. In addition, the proportion of our population with commercial health insurance exceeds both current and past estimates for the general pediatric population. 27 Our population may be healthier than other pediatric populations and have overall better access to care. Thus, the racial/ ethnic differences in this study may underestimate those in the general population.
In a contemporary urban pediatric cohort of children ages 5-20 years, childhood patterns in BMI percentiles differed by race/ethnicity. Further study of these early patterns could help identify critical periods during childhood when public health interventions to reduce future disparities might be most effective. ■ 
